In the standard cold dark matter (CDM) model there are still two major unsolved issues. Simulations predict that the number of satellites around the Milky Way is higher than the current observed population and high resolution observations in dwarf galaxies show that central densities are more consistent with constant density profiles (core profiles) in disagreement with CDM simulations. An alternative explanation that has been widely discussed is that the dark matter is a scalar field of a small mass; this is known as the scalar field dark matter (SFDM) model. The model can potentially solve the overabundance issue and successfully fit the density distribution found in dwarf galaxies. In fact, one of the attractive features of the model is the prediction of core profiles for the dark haloes. Thus, in this paper we conduct N-Body simulations to explore the influence of tidal forces over a stellar distribution embedded in a SFDM halo orbiting a SFDM host halo that has a baryonic disc possessing parameters similar to the Milky Way. We found that galaxies in haloes with core profiles and high central densities can survive for 10 Gyr similar to the CDM subhaloes. The same occurs for galaxies in low density haloes that are far from the host disc interaction, whereas satellites in low density dark matter haloes and with tight orbits can be fully stripped of stars and eventually be dissolved. Therefore, we conclude that models like SFDM where haloes have core profiles could be attractive to explain the missing satellite problem and the cores in galaxies without invoking extremely efficient feedback.
INTRODUCTION
The Lambda Cold Dark Matter (ΛCDM) paradigm has been very successful in explaining the structure formation at large scales. One of its predictions is a universal density profile for the dark matter haloes. Navarro, Frenk & White (1997) suggested a simple formula to describe these density profiles, which present a divergent inner profile (ρ(r) ∝ r −1 ). Another prediction of ΛCDM model is the number of subhaloes per unit mass around the host galaxy. Both predictions have been challenged at scales of dwarf galaxies. In fact, a significant fraction of the rotation curves of low surface brightness (LSB) galaxies and dwarf irregular galaxies are better fitted using dark haloes with a density core (ρ(r) ∝ r 0 ) (Wilkinson et al. 2004; Gentile et al. 2004; Strigari et al. 2006; de Blok et al. 2008; Oh et al. ⋆ E-mail:vrobles@fis.cinvestav.mx † E-mail:vlora@ari.uni-heidelberg.de 2008; Trachternach et al. 2008; Walker & Peñarrubia 2011; Agnello & Evans 2012; Peñarrubia et al. 2012; Salucci et al. 2012; Lora et al. 2013) . Regarding the prediction in the number of subhaloes, it turned out that the standard cold dark matter model overpredicts the number of dwarf satellite galaxies in the Milky Way (MW) and M31. This disagreement is usually referred to as the "missing satellite problem" (Klypin et al. 1999; Moore et al. 1999; Simon & Geha 2007; Belokurov et al. 2010; Maciò et al. 2012) . Although the detection of ultra-faint galaxies within the MW halo has reduced the missing satellite problem (e.g. Simon & Geha 2007 ), a recent study by Ibata et al. (2014) of the distribution of satellites around the MW and M31 suggests they have specific alignments forming planes which are not found in current CDM simulations. Independently of this potential issue, the central densities of MW dSph galaxies are required to be significantly lower than the densities of the largest subhaloes found in collisionless DM simulations to agree with current data(Boylan-Kolchin et al.
2011
; Garrison-Kimmel et al. 2014) . Indeed, CDM simulations of the Aquarius Project suggest that the MW-size haloes should inhabit at least eight subhaloes with maximum circular velocities exceeding 30 km s −1 , while observations indicate that only three satellite galaxies of the MW posses haloes with maximum circular velocities > 30 km s −1 . This discrepancy is known as the "too big to fail" problem.
It has been argued that the physics of baryons must be included in order to make a fair interpretation of observations at scales of MW subhaloes. For instance, mass outflows given by supernova explosions could transform a cusp into a core in some field dSph galaxies at the present time. The missing satellite discrepancy may be explained as a consequence of gas reionization that quenched the star formation in haloes with maximum circular velocity less than 20 km s −1 , leaving hundreds of small mass halos without stars . In principle using gravitational lensing techniques could confirm their existence. However, there is still no consensus on whether mass outflows and reionization can explain the observed properties of the MW satellite galaxies (Peñarrubia et al. 2012; Okamoto et al. 2008 ). Additionally, it seems there could be a numerical code dependence when interpreting the results obtained from simulations (Scannapieco et al. 2001 (Scannapieco et al. , 2013 .
More recently, it was noticed that CDM predicts massive subhaloes with central densities higher than those found in satellite galaxies, meaning that there are DM subhaloes which are massive but host no satellite galaxy (Boylan-Kolchin et al. 2011; Rashkov et al. 2012; Tollerud et al. 2012) . All these problems might be related and share a common solution. The way they are correlated usually depends on the dark model paradigm (Donnino et al. 2013; Rocha et al. 2013 ), but a general fact is that solving one of these issues provides clues to the solution for the others issues. It it worth mentioning that although supernovae explosions seem to play a crucial role to form cores in field dwarf galaxies and more massive systems where the gas is recycled to continue the star formation (Mashchenko et al. 2008; Brook et al. 2011; Governato et al. 2012) , it is unclear that the same feedback implementation works in satellite galaxies where the gas content is negligible and their stellar populations are mostly dominated by old stars. In this sense, dark matter models where the core formation is through DM properties and not by the specifics of astrophysical processes are still viable alternative solutions.
One of these alternative models is the scalar field dark matter (SFDM) model. The idea was first considered by Sin (1994) and independently introduced by Guzmán & Matos (2000) . In the SFDM model the main hypothesis is that the dark matter is a self-interacting real scalar field of a small mass (m ∼ 10 −22 eV/c 2 ) that condensates forming BoseEinstein Condensate (BEC) "drops" (Magaña et al. 2012a; Lora et al. 2012) . We interpret these BEC drops as the haloes of galaxies (Matos & Ureña 2001) such that the DM wave properties and the Heisenberg uncertainty principle stop the DM phase-space density from growing indefinitely. These properties automatically avoid the divergent density (cuspy) profiles in DM haloes and reduce the number of small satellites due to the mass cut-off in the power spectrum (Hu et al. 2000; Marsh & Silk 2014) . For this typical mass, it follows that the critical temperature of condensation of the scalar field is Tcrit ∼ m −5/3 ∼TeV, thus, BEC drops can be formed very early in the universe. There have also been numerous studies that analyzed the behavior of the scalar field at large scales (Suárez & Matos 2011; Suárez et al. 2013; Matos & Ureña 2001 Magaña et al. 2012b; Hu et al. 2000; Harko & Madarassy 2011; Chavanis 2011) , concluding that it reproduces the successes of the CDM model at those scales.
One straightforward and universal prediction of the wave properties of this model is that DM haloes have core profiles since their initial formation (Robles & Matos 2013; Suárez et al. 2013) . If halo distributions are flat from the beginning, then strong feedback blowouts are not required to produce low density distributions in DM dominated systems. Some other consequences of this particular feature have been explored in different contexts; to fit rotation curves in low surface brightness and dwarf galaxies (Robles & Matos 2013; Harko & Madarassy 2011; Chavanis 2011; Lora et al. 2012; Lora & Magaña 2014) , and to make strong lensing analyses (Robles & Matos 2013b; González-Morales et al. 2013) .
All these successes of the model have motivated us to study the evolution of the stellar component of a satellite dwarf galaxies embedded in SFDM haloes orbiting within a SFDM MW size host halo. Our study provides constraints on both the final stellar distribution of dSphs and the survival of faint or ultra faint systems.
We purse this task by studying the conditions under which tidal disruption may occur in the SFDM model. Previous studies have shown, using empirical core-like density profiles for DM haloes, that tidal disruption can be more important than in haloes with NFW profiles, especially if they pass close to the galactic disc (see Klimentowski et al. (2009) and Peñarrubia et al. (2010) for collisionless simulations). However, until now there has not been studies addressing whether the tidal effects are strong enough to remove completely the stars in classical and ultra faint dwarf galaxies hosted by BEC haloes. The present work aims to investigate this issue through a series of simulations of a stellar component described by a Plummer profile when it is embedded in a SFDM subhalo subject to the influence of a SFDM host halo with a disc component. We also conducted simulations without the disc to compare its effect on the stars.
The article is organized as follows: in Section 2 we explain the SFDM model and present the density profiles to be used in the simulations. Section 3 describes the simulations, Section 4 contains our results and discussions of the satellite galaxy evolution and Section 5 presents our conclusions.
THE BARYONIC COMPONENTS

The dSph stellar component
The dSph galaxies have low luminosities (LV ∼ 10 2 −10 7 L⊙) and very large dynamical mass-to-light ratios M/L 10, which translates into a large amount of DM (Muñoz et al. 2005; Strigari et al. 2006; Gilmore et al. 2007; Mateo et al. 2008; Walker et al. 2009; Wolf et al. 2010 ). Nevertheless, we detect the galaxies because of the stars and, in fact, using them as as tracers of the potential gives us information about their potential well. Here we use a Plummer den-sity profile (Plummer 2011) for the stellar component of the dSph, where the mass density profile is given by
where M * is the mass of the stellar component, and rp is the Plummer radius. One should note that rp can be related to the half-mass radius r h through r h = 1.3rp. In our simulations, we have set a half-mass radius of 200 pc, and a stellar mass of M * ≃ 7.3 × 10 5 M⊙, motivated by the typical values for Draco, which is one of the classical dSph galaxies and also one of the least luminous satellites (e.g., see Martin et al. 2008 and Odenkirchen et al. 2001 , for Draco).
The MW disc component
In some of our simulations we include the potential of the MW's baryonic disc, which we model with a MiyamotoNagai potential (Miyamoto & Nagai 1975 )
In the latter equation, M d stands for the mass of the disc, and a and b stand for the horizontal and vertical scalelengths, respectively. We have set the mass of the disc M d = 7.7 × 10 10 M⊙, and the scalelengths a = 6 kpc, and b = 0.3 kpc.
The dark matter component
The dSph DM component
If DM is composed of scalar particles with masses m ≪ 1 eV/c 2 , the galactic haloes have very large occupation numbers and the field behaves as a classical field that obeys the Klein-Gordon equation. For SFDM haloes, the Newtonian limit is enough to describe them. From the fits to the rotation curves of DM dominated systems, it has been found that the SFDM haloes of DM dominated galaxies are well described with the ground state (Guzmán & Ureña 2006; Böhmer & Harko 2007; Robles & Matos 2012; . However, the larger the galaxy the more important are the effects of the non condensed states on the mass profile. The latter means that galaxies that have RC that remain flat even at large radii are better described by adding the excited state contiributions (Bernal et al. 2001; Robles & Matos 2013 ). This suggests that excited states are relevant to describe MW size systems. Their relevance in dwarfs is out of the scope of this work but see for instance . In this work we will then consider the base state to describe the dwarf DM haloes.
Following the hypotheses mentioned above for the SF and using the temperature corrections to one loop for the scalar field, Robles & Matos (2013) found that after the phase transition that happens in the early universe, the field rolls down to a new minimum of the potential and reaches those values where it will remain. The structures will grow and eventually form the SF haloes. Assuming the field is at the minimum, the authors derive an analytical solution for a static spherical configuration that allows the presence of excited states 1 . What they found is that for a SFDM halo in the state j its density profile is given by
In the latter equation, ρ0,j is the central mass density, kj ≡ jπ/R h , j is a positive integer that identifies the minimum excited state that correctly fits the data of a galaxy , and R h is the radius where ρ(r) = 0 for r R h , and thus could be consider as the truncation radius. From equation (3) we obtain the mass and rotation curve velocity profiles given by
respectively. For the parameters of the dwarf DM halo we adopt the values j = 1 and a typical radius of R h = 2 kpc. Notice that for the base state j = 1 there is no oscillatory behavior in the RC (Fig. 1) contrary to what the case with excited states (Fig. 2) . For the dwarf central density (ρ0,1), we select two different values that encompass the range of masses found in dwarfs, 0.16 M⊙ pc −3 (model A) and a less massive one with 0.031 M⊙ pc −3 (model B). In Figure 1 , the dashed lines show the circular velocity, mass, and density associated with the SFDM haloes of models A (dark blue) and B (light blue). The corresponding SFDM dwarf core radius (defined as the radius at which the central density drops a factor of two) is ∼ 750 pc for both A and B models and its presence is distinctive prediction of the model.
To compare the SFDM profiles with other cored profiles, we also consider the following profile (Peñarrubia et al. 2010 )
For both A and B models, we set the scale radius Rs = 1 kpc (see solid lines of Figure 1 ). For our mass models, the mass of the dark halo enclosed at R h = 2 kpc lies in the range 10 8 -10 9 M⊙. The resulting mass-to-light ratios represent DM dominated dSphs. For instance, the mass-to-light ratios of dSphs ([M/L] half ) in the MW range from ∼ 7 M⊙/L⊙ (Leo I, Fornax) to ∼ (10 3 ) M⊙/L⊙ (UMa II, Seg, UMaI) (Collins et al. 2014 ). In particular, Draco has a very low luminosity but a high estimated total mass within the tidal radius of M (rt) = 2.2 − 3.5 × 10 7 M⊙ (Odenkirchen et al. 2001) , this leads to a high mass-to-light ratio of (M/L)i ≃ 92 − 146.
The MW DM component
In the SFDM model, the fluctuations are expected to grow faster than in the standard model (Suárez & Matos 2011) , implying that galaxies are fully formed at large redshifts. In fact, some recent high redshift observations suggest the existence of well formed galaxies very early in the universe (Collins et al. 2009; Finkelstein et al. 2013; Charles et al. 2014) . From the results of hydrodynamical CDM simulations that model the MW, one sees that its dark and luminous matter do not substantially change since z 2 (∼ 10 Gyr ago) (Governato et al. 2007; Klimentowski et al. 2009; Peñarrubia et al. 2010; Kassin et al. 2012) . Then, for the initial conditions, we can assume a host with similar parameters that reproduce current MW data. We found that using ρ0,4 = 0.0191 M⊙ pc −3 , j = 4, and R h = 100 kpc (see purple lines in Figure 2 ) in Equation (3) gives a good representation to the MW DM in the SFDM model. For the MW's cored DM profile (Equation 6), we set Rs = 15 kpc. The corresponding circular velocity, mass and density of the cored DM halo, are shown with solid pink lines in Figure 2 . It has to be noted that, for both (SFDM and cored) MW haloes, the core radius is ∼ 11.5 kpc, and that the mass estimations within 100 kpc are comparable. Therefore, the DM profiles are not identical but the total mass enclosed at the halo radius is the same. The wiggles found in the halo and shown in Fig. 2 are also a difference particular of this SFDM profile with respect to other core models.
SIMULATIONS
We simulate the evolution of the stellar component of the dwarf galaxy, which is embedded in a rigid SFDM halo potential using the N -body code SUPER-BOX (Fellhauer et al. 2000) . SUPERBOX is a highly efficient particle-mesh, collisionless-dynamics code with high resolution sub-grids. In our case, SUPERBOX uses three nested grids centered in the density center of the dwarf galaxy. We used 128 3 cubic cells for each of the grids. The inner grid is meant to resolve the inner region of the dwarf galaxy. The spatial resolution is determined by the number of grid cells per dimension (Nc) and the grid radius (r grid ). Then the side length of one grid cell is defined as l = 2r grid Nc−4
. For Nc = 128, the resolution is 0.5 pc. SUPERBOX integrates the equations of motion with a leap-frog algorithm, and a constant time step dt. We selected a time step of dt = 1 Myr in our simulations.
For the orbit of the dwarf galaxy, we assume an apocenter distance from the MW, ra = 70 kpc and two different pericenter distances (rp = 14 and 35 kpc). We conducted simulations with and without adding the presence of a Miyamoto-Nagai disc in the MW potential to assess the effects on the dwarfs due to the close encounter with the disc component. Our main interest is the stellar component evolution that is located deep inside the subhalo. Peñarrubia et al. (2010) show that the major effect of tidal disruption of a DM suhalo occurs in the outermost radius, while inner regions ( 1 kpc) are less affected by tides and the density profiles are only shifted to a slightly lower value maintaining the same inner shape during the evolution. The evolution changes if the subhalo's pericenter is smaller than the length of the disc in the event that this component is present, meaning that when the subhalo effectively cross through the disc several times it can lose a considerable amount of its initial mass or even get destroyed if the orbit's pericenter is ∼1.8 kpc, however these are rare events. Given these results and that we consider rigid subhaloes, we focus our analyses on orbits with pericenters larger than the disc scale length avoiding direct collisions with the disc that would require a live subhalo. Since stars serve as tracers of the subhalo potential, any major tidal disruption of the stars would be indicative of a substantial change in the evolution of the subhalo. In such cases, a live halo would be needed. This happens only in one of our simulations and will not be used to draw the overall conclusions of this work. However, it does serve to show that our results are consistent with those in Peñarrubia et al. (2010) . In our first couple of simulations, denoted by A1 and B1, the dwarf galaxy is embedded in the MW SFDM halo potential, without including the baryonic MW disc component (first two rows of Figure 3 ). The dwarf galaxy is placed at a galactocentric distance of 70 kpc, and orbits in the x −y plane with a rp/ra = 1/2.
In the second pair of simulations A2 and B2, we model the dwarf galaxy embedded in the MW SFDM halo potential in a circular orbit (rp/ra = 1), including the baryonic MW disc component (see last two rows of Figure 3 ).
In the third pair of simulations A3 and B3, we model the dwarf galaxy embedded in the MW SFDM halo potential, with a rp/ra = 1/2, but now we include a rigid baryonic MW disc component. We rerun these two simulations to compare with the empirical profile (eq. 6) refered as A3core and B3core.
We observe from Figures 3 and 4 that the dwarf galaxy survives unperturbed for ∼ 10 Gyrs in models A1 − B3. Moreover, from models A1, A3, B1, and B3 (first two rows of Figure 3 and first two rows of Figure 4 ), we observe that there is a negligible effect of the Milky Way's baryonic disc on the dwarfs that are in SFDM subhaloes.
The fourth pair of simulations, named as A4 and B4, resembles cases 3 but with rp/ra = 1/5, (A4 and B4 are in Figure 4 and Figure 5 ). For model A4, the stellar component of the dwarf galaxy remains undisturbed, while the B4 model shows a major star mass loss. We run an extra couple of simulations for completeness as discussed in the next section. Table I summarizes all our simulations. Figure 6 shows the dwarf galaxy stellar mass profile at t = 0 and t = 10 Gyr in all our simulations. From the upper-left panel in Fig. 6 we see that all A models lose some particles, but the loss is not substantial and the galaxies survive with essencially the same initial mass after 10 Gyr. These simulations suggest that the density is high enough to strongly bound the stars and prevent the disruption of the satellite. A similar behavior is seen when a cuspy-like profile is used (Klimentowski et al. 2009; Łokas et al. 2012) , making tidal disruption an inefficient process in both core and cusp-like subhalos to reduce their stellar mass within 1kpc and therefore making it not the relevant mechanism that decreases the abundance of massive dwarf satellites around MW type galaxies, even for orbits with close pericenters of 14 kpc.
RESULTS AND DISCUSSION
The B models for the SFDM halo show a slightly larger particle loss than the A models (upper-right panel in Fig.  6) except for model B4 which shows a more pronounced particle loss. The small central density of the SFDM dwarf subhalo, plays a crucial role in its survival. The final mass (at t = 10 Gyr) for B models is smaller than the high A density case in all cases. This shows that even if the orbit Figure 3 . The surface mass density of the dwarf galaxy for models A1, B1, A2, and B2 for t = 0, 3, 6, and 10 Gyr, all plots are centered in the dwarf galaxy. In the last column, we show the orbit of the satellite galaxy around a Milky Way SFDM halo.
is far from the MW disc, whenever the DM subhaloes have low densities the stars in the center are susceptible to spread out more than in denser haloes as seen by comparing the two upper panels in Fig. 6 within 500 pc.
One of the features that is seen from the stellar mass profiles is that the stars are not heavily stripped from the dwarf SFDM halo (excluding model B4). This is reassuring as it implies the DM density profile is also not strongly modified in that region and may be approximated by a fixed halo profile for orbits without small pericenters. The result is strengthen with the findings of Peñarrubia et al. (2010) for live subhaloes with rp/ra = 1/2 and a core DM profile, even in the presence of a live disc the DM subhaloes remain almost the same in the central region after 10 Gyr. Hence, the tidal effects on the subhalo are small within 1 kpc, which is about the relevant core size of our simulated subhalo. Therefore we consider that our approximation of a SFDM rigid halo, is sufficient, as long as the subhaloes do not get well inside the disc of the host halo.
Simulations A3core and A4core present a similar behavior than their SFDM counterparts (see red and yellow dashed lines in upper left of Fig. 6 ). In these cases the stars in the outskirts get stripped more easily, moving to larger radii and, at the same time, causing the inner stars to redistribute to a new configuration that follows the background DM halo potential. For cases A, the potential well is deep enough that only a few stars are lost, most of them rest within 1 kpc and remain with the same initial profile.
The B3core model has lost more mass than its analogue B3 (see dashed and solid yellow lines on the upper right of Fig. 6) . The difference is due to the slight difference in the tail of the subhalo mass profile (r> 2kpc) and the fact that the potential is not as deep as in cases A, making it easier for the tidal forces to change the central stellar distribution. From Fig. 1 we notice that subhaloes with a core profile have a non zero density for r>2 kpc, for smaller rp : ra the tidal stripping and the interaction with the disc becomes stronger, especially for the stars in the outermost radius which are more easily stripped. In fact, given that the subhalo in B3core is more extended than in B3, more stars are likely to get pulled towards the tail of the halo but remain inside the subhalo. In this process the now outer stars drag some of the inner stars towards outer radii producing a more extended stellar distribution than in B3, reducing at the same time the stellar mass as shown in Fig. 6 .
The same occurs for the B4core model and its counterpart B4 (see dashed and solid red lines in Figure 6 ). However, the considerable disruption in both B4 simulations indicates the need to include the disruption of the halo. In our simulations, the satellites still remain due to the assumption of fixed subhalo, but we expect the dwarf haloes to fully disrupt and that the stars get dispersed around the MW halo.
We also conducted a couple of simulations (A5 and B5) where we set the dwarf galaxy embedded in the MW SFDM halo potential, with a rp/ra = 1/5 including the baryonic MW disc component and similar to A4 and B4 models, but now we place the dwarf galaxy in an orbit inclined 45
• from the x−y plane. In this case we observe that the dwarf galaxy gets destroyed within ∼ 1.5 Gyr. This suggests that orbits with close pericenter distances and inclination effects are important factors to the survival of low density SFDM dwarf satellites.
In order to address the dependence of our results with the stellar mass we conducted the following two pairs of simulations. In A6 and A6core, the parameters are identical to A4 and A4core respectively, but the stellar mass of the satellite is smaller M * = 1 × 10 4 M⊙. These parameters correspond to the closest orbit where the tidal effects should be the largest. The other pair, B6 and B6core, uses M * = 1 × 10 4 M⊙ and the parameters of B3 and B3core respectively. We do not use parameters of B4 for the reasons mentioned in the previous paragraphs. These cases are shown in the bottom panels of Fig. 6 . In the bottom-left of this figure we notice that the inner mass of the satellite reduces due to the proximity to the disc's influence but the potential well is again deep enough to ensure the survival of the satellite. In the bottom-right panel we see that both cases B6 lead effectively to the same result, despite the low mass the satellites can remain with most of their initial mass after 10 Gyr. We point out that this is consistent with the arguments given above for B3core. In B6core the satellite has a much smaller initial stellar mass concentrated within 1kpc, thus fewer stars are stripped during its evolution and are insufficient to drag most of the central stars towards the outer Figure 5 . The surface mass density of the dwarf galaxy for t = 0, 3, 6, and 10 Gyr, for models A4 and B4 centered in the MW SFDM halo potential.The white cross shows the center of the MW, and the white line shows the dwarf's orbit around it.
regions as opposed to B3core. Nevertheless, we still observe a small effect of this prosess in this couple of simulations.
Indeed, comparing cases A and B, we notice that for the cases in which orbits are far from disc the density of the subhalo is a decisive parameter to determine the mass loss but has little influence in its survival. We found that the mass loss is greater if the subhalo has smaller density, but the dwarf galaxies still survive after 10 Gyr.
When the satellites have orbits close to the center of the host or when they strongly interact with the disc, the subhalo central density becomes an important factor for the survival and for the number of remaining satellites; this is consistent with previous works.
It is known that in CDM simulations, the satellites with cuspy subhaloes can be stripped of stars but still survive as DM only subhaloes, which could be detected with gravitational lensing techniques. Here we show that if the satellites are in scalar field subhaloes with central densities comparable to classical dSphs, some of their stars are stripped but the galaxies can survive with smaller masses and hence contribute to the number of dwarf satellites around a MW host. It must be noted that, in the SFDM model, the substructure is smaller due to the wave properties causing the cut-off in the power spectrum, as confirmed in Schive et al. (2014) . Our result can be tested with hydrodynamical SFDM cosmological simulations in the future.
For the lower density dwarfs (comparable to ultra faint dwarfs), we obtained that they could survive but only if their orbits do not get well inside the disc of their host. On the other hand, low density haloes with close pericenter orbits can be fully stripped of stars if evolved for a long time even with a fixed subhalo potential, but as mention before we expect them to be destroyed once the fixed halo hypothesis is relaxed. Therefore, we do not get DM halos that are tiny and dark, contrary to the CDM predictions where the cusp prevents total disruption.
The formation of ultra faint dwarfs is still not clear but it is thought that they are the result of more massive dwarfs that were disrupted and left them as low density systems. We have seen that in the scenario of SFDM, depending on their distance to their host, these faint systems could also be produced from disrupted dwarfs with initial core profiles in the same way than it is when haloes are assumed to have cusp profiles (Łokas et al. 2012) . Therefore, our results point to an alternative solution to the satellite overabundance problem and the cusp-core issue by means of the quantum DM properties of the scalar field, and without relying strongly on the messy astrophysical processes. Here, small mass subhaloes with core profiles (ρ(r) ∼ r 0 ) and with orbits not crossing the host's disc are able to survive for a long time, otherwise the close encounters with the disc could completely destroy them. On the other hand, more massive dwarfs can get closer or farther from the host disc and still survive with core profiles. To determine the final fate of these galaxies and test the results form the present work, we will need simulations that involve the complexities of astrophysics, but we leave that for a future work.
CONCLUSIONS
In this paper we explored within the context of the scalar field dark matter model the influence that tidal forces have on a stellar distribution that is embedded in a SFDM halo with the distinctive feature of a flat central density. The satellite orbits around a dark matter halo with parameters that resemble those of the Milky Way also modeled with a scalar field DM halo. Upper panel: Dwarf stellar mass for models A and B at t = 0 and t = 10 Gyr. On the upper-left would be a classical dwarf,and on the upper-right an ultra faint-like galaxy. The solid lines represent the SFDM models (eq. 3), while the dashed lines represent the cored-DM models (see eq. 6). Bottom panel shows small mass satellites with M * = 1 × 10 4 (models A6, A6core, B6, and B6core) at t = 0 and t = 10 Gyr. In all A models of the SFDM the galaxy survives at the end of the simulation independent of the stellar mass and the orbits we considered, even the presence of a disc in the MW scalar field halo cannot destroy the satellite. In B models where the subhalo is less dense, the satellite losses more mass than in A cases but will still survive inside the subhalo, except when the pericenter becomes comparable to the disc's scale lenght where we expect the scalar field subhalo to be disrupted too.
In general, the survival of a satellite depends on effects like its orbit, density, supernova explosions, its star formation history, merger history in case that a hierarchical model is assumed, among other factors. Here we focused our analysis in the mass loss of a satellite galaxy hosted by a DM subhalo with two flat central density profiles, one that is predicted by the SFDM model as a consequence of the uncertainty principle preventing the divergence of the central density, and the second profile is a widely used empirical model frequently encountered in the literature to describe core-like mass distributions. We explored different central densities for the halo and concentrate on the stellar evolution under various orbits and different stellar masses for both halo models.
Our results show that objects like Draco, with presumably large core sizes today, could find a simple explanation for their observed flat light distribution in the SFDM model, because the stellar distribution remains bounded even for tight orbits. A similar result was founs in the context of CDM haloes but on the condition of choosing more specific orbits (Wilkinson et al. 2004; Lux et al. 2010 ). Also, all galaxies in our A cases with core profiles survive for 10 Gyr.
Thus dwarf galaxies that were accreted a long time ago will still persist as satellites with perhaps slighly smaller mass depending on their proximity of their orbits to their host. A comparison with the number of satellites is out of the scope of this work because for such a comparison we need to consider the uncertainties associated to specific details of the host formation and any recent major mergers that it could have had. Simulations addressing this issue would be desirable.
We also find a difference in the properties of the ultra faints; we showed that tidal disruption is also a mechanism to produce ultra faint dwarfs out of more massive dwarfs. Nevertheless the disruption does not produce a substantial change in the slope of the inner density profile. Therefore, even with the same mechanism used in CDM to form an ultra faint dwarf there is a stark difference with CDM haloes in their final density slopes. In fact, while cores are a direct consequence in SFDM, CDM haloes rely on effective supernovae feedback to form cores a long time ago, otherwise they are expected to retain their divergent mass profile which may be used to differentiate these models in the future.
Regarding the to big to fail issue, to make a fair comparison with CDM simulations we will need a cosmological simulation that models the dark matter as a scalar field in order to study the number of most massive haloes around MW size hosts and determine if this represents a challenge in the SFDM model.
We think that exploring further the SFDM looks promising due to the possible natural solutions that it proposes to long standing issues of CDM model. Baryonic processes should be included in SFDM simulations as they can be more directly compared with observations.
